The presence of different species of hydrophytes was investigated in relation to Secchi disk visibility, pH, dissolved oxygen, electrical conductivity, total Kjeldahl nitrogen, total phosphorus and chlorophyll-a concentration in two tropical ponds nearby Kolkata, India, during a three years period (June 1999 to May 2002. The dominant flora in the ponds namely, Alternanthera philoxeroides, Nymphoides hydrophylla, Lemna aequinoctialis, and Vallisneria spiralis were found to subsist over a wide amplitude of nutrient levels thereby showing their adaptability to highly eutrophic ecosystems, a common feature of the tropics. However, the presence of some minor species could be associated with a narrow range of specific limnological variables.
Introduction
The presence of different species of hydrophytes at a given site is a multifactorial ecological question to evaluate, although the influence of limnological parameters as one of the functional environmental factors for species occurrence has received great attention (Moyle 1945 , Hutchinson 1975 , Catling et al. 1986 ). Many studies have correlated the distribution of different aquatic macrophytes with water chemistry in lakes (Spence 1967 , James et al. 2005 ) and running waters (Whitton 1979 , Schneider & Melzer 2003 . Several limnological parameters were found to be responsible for the distribution pattern of hydrophytes, such as pH (Palmer et al. 1992) , alkalinity (Vestergaard & SandJensen 2000) , conductivity (Mäkelä et al. 2004 ) and nutrients (Heegard et al. 2001 ) but most observations have been restricted to temperate regions during the peak growth period of aquatic vegetation.
Ponds, habitats for a variety of aquatic flora (Cook 1996) , are a major wet biotope in tropical landscapes.
Sri Lanka has over 12 000 ponds representing an estimated area of 175 774 ha (Baldwin 1991) while 67% of the 14 000 lentic water bodies in Mexico are ponds (López-Blanco & Zambrano 2002) . About 210 000 ponds are distributed throughout Japan (Shimoda & Abe 2001) while China has 86 825 ponds, comprising a total storage capacity of 413 billion m 3 (Xiangcan 2003) . Bangladesh has about 1.3 million ponds which cover 1.13% of its area (FRSS 1986) , while in India ponds constitute about 3x10 6 ha of the 7 million ha of total inland water resources (GOI 2005) . These waterbodies are an integral component of the daily life activities of rural people for their subsistence and thereby tropical ecosystems are more vulnerable to eutrophication due to their rampant anthropogenic use. Therefore, regular monitoring of limnological parameters, using inexpensive methods, are much needed.
Aquatic plants grow profusely in the tropics and many of them are also used for subsistence of human livelihood support by several thousands of rural families in developing countries (Gichuki et al. 2001 , Ghosh 2005 . Since the response of individual plant species is known to be related to the variation in environmental factors, the presence/absence of hydrophytes, which could easily be monitored by visual inspection, could Ann. Limnol. -Int. J. Lim. 2005, 41 (4), 281-289 Presence of tropical hydrophytes in relation to limnological parameters -a study of two freshwater ponds in Kolkata, India be used to indicate the effects of limnological changes. Due to mild winters in tropical regions, plants grow throughout the year thus, annual data is necessary to understand habitat tolerance and preference limit of individual species. There is a paucity of data on the occurrence of different plant species in relation to the water quality in tropical ponds (Mukhopadhyay & Dewanji 2002) although there are reports of independent studies of aquatic plants (Tripathi et al. 1991) as well as of water quality in relation to the growth of phytoplanktons (Bhaskaran et al. 1991) . This data could also be valuable in respect to botanical conservation (Angélibert et al. 2004) .
Due to lack of historical data, the present survey was initiated in two freshwater ponds over a period of three years in order to collect baseline data with the aim of finding whether the presence/absence of different species of hydrophytes had any influence on the limnological parameters of water bodies in which they grow.
Material and methods

Study site
Two ponds, located within the Institute campus in Baranagar, Kolkata, India (22°20´-22°40´ N latitude and 88°10´-88°40´ E longitude) were selected for the investigation. Both ponds were small (<1ha) and shallow (≤5m) as detailed in Mukhopadhyay et al (2004b) . The ponds were located close to each other and were primarily used by the local people for bathing and washing of clothes. The climate was typically a tropical monsoon type with normal annual rainfall of 160 cm and water temperature ranging from 18°C to 34°C.
Limnological parameters
Ponds were sampled monthly between 09h00 and 10h30 using an inflatable boat for a period of three years (June 1999 to May 2002 . Water samples were collected from four randomly selected points from each pond at 1m below surface, with the help of a Van Dorn horizontal bottle sampler. The total number of observation was, thus, (n) = 288 [2 ponds ( 4 sampling points) 36 months]. In order to study the interaction between plants and their ambient water, all sampling points were located along the littoral zone, where vegetation was observed. Underwater light visibility was recorded using a Secchi disk according to Welch (1952) . In-situ measurements of pH, dissolved oxygen and electrical conductivity were taken using a multiparameter calibrated probe attached to a WQC-20A water quality checker, manufactured by Xebex International Ltd., Tokyo, Japan. Total nitrogen was measured by the macro Kjeldahl method. Total phosphorus was determined by the ascorbic acid method. Chlorophyll-a concentration was measured spectrophotometrically following pigment extraction with 90% acetone. Values were corrected for phaeophytin interference. Standard methods were followed for all chemical and biological parameters (APHA 1998).
Hydrophytes
Different species of hydrophytes were recorded on a monthly basis from June 1999 to May 2002, from four randomly selected sampling stations by walking along the margin of each pond near the littoral zone as well as from the boat (used for water sampling). Each sampling station was a stretch of about 40m. An aquascope and a rake were used for observation and collection of submerged plants (Dennis & Isom 1984) . Formation of dense vegetation bed along with flowering of each species was also observed. All collected plants were kept in plastic bags and transported to the laboratory where they were washed thoroughly to remove silt, snails, epiphytes and other unwanted materials. The excess water was then drained off and healthy specimens were sorted and pressed for the preparation of herbarium. Voucher specimens of different species were kept in the laboratory. Identification was followed according to Cook (1996) .
Statistical analysis
Univariate description of individual limnological variables based on calculation of sample statistics such as mean, SD, maximum and minimum values have been done on pooled dataset of two ponds. An attempt was made to determine whether the presence/absence of a plant species can be associated with changes in each of the limnological parameters. The data was classified into two groups based on the presence or absence of a particular plant species for each data point. A oneway analysis of variance (ANOVA) was carried out separately for each case. Comparisons were made between mean values of each limnological variable during the period of presence versus the period of absence of each plant. The BMDP 4V program (Dixon 1992 ) run on Sun Solaris Operating System (Version 9) was used for this purpose. 
Results
Limnological parameters
Hydrophytes
The species list of hydrophytes along with their growth forms and occurrence is given in Except for N. hydrophylla, the other dominant flora produced dense stands. In case of minor flora, A. pinnata and H. reticulatum were the only two plants which were able to grow rapidly to dense proportions. Nearly half of the total species showed only their vegetative phase in this limnological condition of which L. aequinoctialis was the only dominant species exhibiting this phase. Table 3 shows the differences in limnological parameters during periods of presence and absence of individual species. Significant differences between the period of presence and absence of V. spiralis was evident for all limnological parameters. Next was T. natans, which showed significant difference for five out of seven limnological variables. C. glomerata and L. aequinoctialis was at the other extreme showing significant difference for only one variable i.e. electrical conductivity and total phosphorus respectively.
Presence/absence of hydrophytes
For each of the plants that showed significant differences in mean value of a particular limnological variable, maximum and minimum values during their periods of presence were next plotted for that limnological variable and the results are shown in Figure 1 Table 1 . Mean, SD, minimum and maximum values of limnological parameters of two ponds (pooled dataset). to grow in wide range of transparency values (0.7 to 3.2m, Figure 1a) . The presence of A. philoxeroides, C. benghalensis, H. reticulatum, M. minuta, N. pubescens, N. hydrophylla, T. natans and V. spiralis indicated circum-neutral to alkaline pH (Figure 1b) . The narrow range (7.5 to 7.8) exhibited by H. reticulatum could be due to its small sample size. The presence of H. reticulatum and T. natans (both species with low occurrence) indicated relatively narrow dissolved oxygen levels ranging from 3.7 to 4.6 mg l -1 (Figure 1c) . C. glomerata was the only species that preferred to grow in waters with a narrow conductivity band (103 to 118 mS m -1 , Figure 1d ). It can be seen that presence of T. natans was restricted to a very narrow but high total Kjeldahl nitrogen band ranging from 10 to 13 mg l -1 ( Figure 1e ) along with total phosphorus (0.07 to 0.36 mg l -1 ) and chlorophyll-a (0 to 0.7 mg m -3 ) as is evident from Figure 1f and g. The presence of E. alba also showed preference for low chlorophyll-a values (0 to 4.7 mg m -3 , Figure 1g ). Excepting for A. philoxeroides and N. hydrophylla which were found to be present over a wide range of chlorophyll-a values (0 to 22 mg m -3 ), all the other six species existed at chlorophyll-a concentrations ≤12 mg m -3 .
Discussion
Literature reports on monthly variability in species number, or occurrence of individual species in relation to the limnological parameters of tropical ponds, are scarce. However, the nature of occurrence of diverse aquatic plant species in tropical and subtropical ponds have been found to show a certain degree of interassociation based on their growth forms. The most common association was the formation of pure bed/ mixture of two to three species of invasive free-floating plants (Munawar 1970 , Rai & Dutta Munshi 1979 , Philipose et al. 1970 , Varshney & Singh 1976 ) with one to three species of emergent vegetation (Khondker & Kabir 1995 , Ghosh et al. 1993 , Ghosh 2005 . The other type was the occurrence of mixed communities of submerged flora (two to three species) together with floating-leaved (one to two species) and emergent (one to four species) forms (Philipose et al. 1970 , Gopal 1990 . As found in this study, the mixed occurrence of all growth forms has also been widely reported in other tropical and subtropical ponds (Kunii & Maeda 1982 , Gopal & Chamanlal 1991 , Hussainy 1965 , Nasar & Dutta Munshi 1974 , Pandey et al. 1988 , Kunii 1991 , Zambrano et al. 1999 .
Regarding the limnological parameters -the Secchi disk visibility, electrical conductivity, total Kjeldahl nitrogen and total phosphorus concentration as found in this study were found to be higher when compared to other ponds having all growth forms of aquatic plants. However, the dissolved oxygen contents were similar. Low dissolved oxygen values ranging from 0 to 1.5 mg l -1 have been reported in ponds, which have a predominance of the free-floating varieties (Munawar 1970 , Rai & Dutta Munshi 1979 . Maximum level Ap=A. philoxeroides, Api=A. pinnata, Cg=C. glomerata, Cb=C. benghalensis, Ea=E. alba, Hr=H. reticulatum, La=L. aequinoctialis, Mm=M. minuta, Np=N. pubescens, Nh=N. hydrophylla, Rr=R. rotundifolia, Tn=T. natans, Vs=V. spiralis) .
of chlorophyll-a was found to be similar to another subtropical pond with emergent species (Khondker & Kabir 1995) while the value was much lower when compared to a subtropical pond with all growth forms (Kunii & Maeda 1982) . In turbid tropical ponds without aquatic vegetation wide fluctuations in chlorophyll-a values have been reported (Jana & Kundu 1993) .
Presence/absence of hydrophytes
Each species of aquatic macrophytes is known to have its own chemical tolerance thus charting the presence/absence data of individual species is important in understanding its ecology, adaptability and phytosociology (Seddon 1972 , Kadono 1982 .
Secchi disk visibility -The wide range of Secchi disk visibility values observed for V. spiralis ( Figure 1a ) was similar to that reported by Kunii & Maeda (1982) for a subtropical pond with the same species as well as rich in other growth forms of aquatic vegetation. Thus tolerance of this species in low light is evident. Charophytes have also been reported to be associated with high Secchi disk visibility in temperate ponds (Crawford 1977) as well as in shallow lakes of sub-tropical regions (Steinman et al. 2002) .
pH -The present study shows the association of a number of plant species to circum neutral to alkaline pH (Figure 1b) . Friday (1987) reported indicator plants for low pH (<7) in acidic ponds. Adaptation of plants to the tolerance of alkaline pH was reported to have an eco-physiological foundation (Vestergaard & SandJensen 2000) because it controlled availability of carbon dioxide, membrane function, cell regulation and ion solubility for growth (Larcher 1995) . In our study, maximum growth of A. pinnata along with the formation of dense mats (Table 2 ) was observed at pH ranging from 6.9 to 7.6 (Figure 1b) . However Aziz & Sharmin (2000) showed that pH 5 to 6 was favourable for the growth of this species under experimental conditions. Thus, transferring experimental observations to field situations is difficult and more field studies are warranted to elucidate favourable limnological conditions for the growth of a particular species.
Dissolved oxygen -Plant architecture and canopy formation have been reported to regulate dissolved oxygen concentration of the surrounding microenvironment (Miranda & Hodyes 2000) . They also reported a large variation in dissolved oxygen content (0.5 to 7.7mg l -1 ) in densely vegetated areas with a mixture of submerged and emergent species. Dense mats of other free-floating plants namely Eichhornia crassipes and duckweeds have been reported to be poor oxygenators in tropical and temperate ponds respectively (Rai & Dutta Munshi 1979 , Lewis & Bender 1961 .
Electrical conductivity -Conductivity has been reported to be an important factor for explaining spatial distribution of aquatic plants (Seddon 1972 , Kunii 1991 . In the present study, a narrow band of this parameter could be associated with the dominance of C. glomerata (Figure 1d ) which is similar to the observation of Biggs & Price (1987) . Since conductivity is affected by several electrolytes, which are variable independently, it would be interesting to study the concentration of different electrolytes for a better understanding of the occurrence pattern of this species. In temperate regions, nitrate concentration was reported to be closely associated with the vegetative growth of this species (Mason 1965) .
Nutrients and Chlorophyll-a -A wide range of total Kjeldahl nitrogen and total phosphorus found for V. spiralis (Figure 1e & f) which is contrary to reports of a relatively low and narrow range of total Kjeldahl nitrogen and total phosphorus found in the same plant in a Canadian lake (Crowder et al. 1977 ). This may reflect the ability of V. spiralis to adapt itself to a wider range of nutrient concentration in tropical climates, where the amount of pollution is also high. Similar adaptability was also observed by Munawar (1970) in case of Eichhornia crassipes growing luxuriently in a tropical pond. Unlike V. spiralis, the presence of L. aequinoctialis was found to have a significant effect only on one water quality variable, namely total phosphorus (Figure 1f) . The phosphorus uptake capacity of Lemna has been reported in tropical ponds (Tripathi et al. 1991) and being a free-floating plant, water possibly happens to be its sole source of phosphorus. Philipose et al (1970) also observed an association between the free-floating form specially Lemna and phosphorus rich water (0.05 to 3.6 mgl -1 ) in a survey of Indian water bodies including farm ponds. Dominance of floating-leaved species (Brasenia schreberi, Nymphoides cordata, Nymphaea odorata) was reported to be indicative of the eutrophic status of temperate ponds as a result of nutrient enrichment (Roman et al. 2001 ).
In tropical ponds, most plant species were found to grow when chlorophyll-a levels were low (≤12 mg m -3 ), which could be due to competition for nutrients or allelopathic activities. In temperate ponds, low chlorophyll-a concentration has been reported to be found near the densely vegetated areas of Charophytes (Noges et al. 2003) , Elodea canadensis (Pokorny et al. 1984) under floating mats of Eichhornia crassipes (Mc Vea & Boyd 1975) and near beds of Ceratophyllum demersum (Goulder 1969 , Mjelde & Faafeng 1997 . (6) It is interesting to note that all dominant plants showed their flexible requirements and competitive ability to adapt over a wide range of different water environments. On the other hand, it was the presence of minor flora which showed individual preference for specific range of some limnological variables like E. alba for low chlorophyll-a concentration. In case of T. natans, the data reflects its multinutrient specificity i.e. its ability to grow in nitrogen enriched waters with low phosphorus levels. Net production of T. natans has also been reported to be positively correlated with nitrogen flux (Tsuchiya & Iwakuma 1993) . In a limnological survey of 149 Japanese ponds with Trapa as the dominant flora (56% occurrence) low levels of total phosphorus concentration (0.003 to 0.241 mgl -1 ) was also observed by Kunii (1991) . Thus, the preference of low phosphorus level for this species is evident.
Implications for pond management
Users of ponds for anthropogenic purposes prefer transparent water (Secchi disk visibility >0.5m) without algal turbidity. As can be seen in this study, the presence of most aquatic plants was associated with low algal turbidity while the presence of M. minuta, N. hydrophylla, V. spiralis and R. rotundifolia was associated with a wide range of water transparency. In another study, Mukhopadhyay et al (2004a) found that V. spiralis, a meadow forming submerged species exhibited the highest potential to maintain water clarity. The presence of invasive/canopy forming or free-floating vegetation, common to tropical ponds, generally block the water surface lower dissolved oxygen levels and also cause nuisance for swimming. The present study also threw some light on the favourable limnological conditions for the growth of two free-floating species namely Azolla pinnata and Lemna aequinoctialis, both of which are widely distributed throughout the world. Lemna, which grew luxuriantly at high phosphorus concencentrations was also present when chlorophylla concentrations were high. Knowledge of proper management of this species is necessary because removal of the aquatic plant often stimulate cyanobacterial blooms, which would lead to degradation of water quality. The potential of algal biomass to degrade water quality is reported to be highest in tropical latitude (Lewis, 2000) because in this climatic region pond ecosystems are about fifteen times more productive than their temperate counterparts (Bhaskaran et al. 1991) . Native minor type/ low-growing species are more beneficial due to their low cost management (van Nes et al. 2002) . They are probably capable of indicating useful limnological information due to their particular ecological preferences. Nutrient specificity of Trapa could be used as an early warning of nitrogen/phosphorus enrichment and thus could be useful in nutrient management of tropical ponds. However, since the presence of minor species is probably more constrained by environmental factors, further research on a large number of macrophyte dominated ponds is necessary where these species are more common.
